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For the period October 1, 1964 
t o  March 31, 1965; NASA Research 
Grant NsG-512 t o  the University 
of Florida fo r  basic sc ien t i f ic  
ressirc?& w n  ehe subjet : 

"Quantum Theory Studies of the 
Energies of Excited State Atoms 
and Molecules, Particularly as 
They Occur i n  the Upper and S te l l a r  
Acmospneres, anti i n  iviateriais -Under- 
going Combustion". 

V , 

w e r e  fulf i l led.  Here E 
and should be less than the energy of the f i r s t  excited state E: . We 
have now extended the theory t o  excited states, and the res t r ic t ion  

is an upper bound t o  the ground state energy 
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. , < E; is relaxed, Applications t o  physical prcblems of these 

lower bound methods are reported i n  the following manuscripts, which 

are under preparation: 

.- ..mer -6s 20 &e Bigema'+-ucc; fer the SprlL 

Effect in a Rigid Rotator", by J. H, Choi and 
D, W, Smith. 

"Lower Bounds fo r  the Energy Values of 
Anharmonic Oscillators", by C, E, Reid. 

Wpper and Lower Bounds for  the Eigenvalues 
of a Double Mnimum Potential", by C, Bunge 
and A, Bunge. 

Further applications which are underway are the 2-l expansions 

of Om-electron ions, (Goscinski), the HI problem (Choi), and the excited 
t r i p l e t  states of He (Wilson). 

Intramolecular Relaxation Processes? A manuscript en t i t l ed  

'The Theory of Intramolecular Relaxation 
Processes" by Ludwig Hofacker 

is enclosed. 

Florida during the F a l l  of 1963. 
P a r t  of t h i s  work was carried out a t  the University of 

4- 
Calculations on CH and 02: The work discussed in  the last report 

is being continued, and w i l l  be reported i n  more de t a i l  i n  the  next s t a tus  
report. 

1 Series Expansion of Eigenvalues: (Reid and Saavedra) In 7 
expansions of electronic wave functions fo r  He-like ions, preliminary 
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resu l t s  have been obtained for  both ground and excited singlet  states. 

Only radial  basis functions have been used so far ,  but the extension t o  

include angular functions is underway, as is the extension t o  t r i p l e t  

states , 

Natural Orbitals fo r  Two-Electron Systems: (Reid and Wilson) 

A scaling procedure based on a method of Llfwdin's (J. - -  EM, Spect. a, 
326, 1964) has p m d  successful fo r  calculating natural  o rb i ta l s  for  
two-electron systems, 

three i terat ions a t  most have been needed, 

radial-limit wave functions f o r  two-electron atoms and ions up t o  C 

have been calculated fo r  the ground state and several excited states.  

The convergence is so rapid that  only two or 

Natural orbi ta ls  fo r  t he -  
+4 

Molecular Calculations--Large Systems : (Conklin) By dividing 

space in to  several regions and expressing the t o t a l  wave-function i n  each 

such region i n  tenns of convenient basis functions about one center for  

that region, the many-center problem so common i n  molecular calculations 

is exchanged for  a boundary-value problem. It seems quite possible that 

t h i s  boundary-value problem (matching the amplitude and f i r s t  derivative 

of the wave-function along the boundaries of the various regions) may 

be considerably more tractable than the many-center problem. 

is currently investigating Slater's Apw method f o r  calculating one-electron 

wave-functions fo r  crystal l ine solids, and studying some of the program- 

ming techniques useful fo r  carrying out APW calculations. 
specific expansions used i n  the APW scheme w i l l  require some modification 

for application to the molecular problem, it seems quite possible that  

many of the appraaches and some of the specific programs used i n  applying 

the APW scheme t o  actual calculations may be useful i n  the molecular 
problem i f  t h i s  idea is t o  be used for calculations. 

Dr. Conklin 

Although the  

He is developing computer programs for  generating functions 
(for  instance, the sphertcal Bessel functions which may w e l l  appear i n  

the molecular case also),  and group theory techniques, which may be 
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worth carrying over for molecules of suff ic ient ly  high symmetry. 

The Alternant Molecular Orbital Plethod: (Pauncz) In applying 

the method of different  orbi ta ls  fo r  different spins (DODS) t o  diatomic 

molecules, it seemed worthwhile t o  first consider some probiems in- 

herent i n  the method. A ccnnparison with the don-paired s p a t i a l  o rb i ta l  

(NPSO) method has been made and it was found tha t  the NPSO method gives 

be t te r  resu l t s  for -11 conjugated systeme, but the AMI method has 

wider poss ib i l i t i es  fo r  application. A manuscript ent i t led:  

"Recent Dsvelopments i n  the  Method of Different 
Orbitals f o r  Different Spins" by Ruben Pauncz 

is enclosed. 
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PERSONNEL OF PIE QUANTUM THEORY PROJECT 
1964-65 

Faculty and Post-Doctoral Staff 

Per-Olov L(twdin 
Graduate Research Professor 
of Chemistry and Physics 

Ruben Pauncz 
Visiting Research Professor 
of Chemistry and Physics 

Darwin W. Smith 
Assistant Professor of 
Chemistry 

Charles E. Reid 
Associate Professor of 
Chemistry 

John C. Sla te r  
Graduate Research Professor 
of Physics and Chemistry 

* .  

James B. Conklin, $re 
Assistant Professor of 
Physics 

Graduate Students 

Sang-Jean Cho 
Research Associate i n  
Physic6 

Mrs. Annik Bunge 
Mr. Carlos Bunge 
Mr. John Connolly 
Miss Daryl Carnam 

Technical & Editorial  Assistant 

Mrs* Eleanor Fox 

Fir. Jong H. Choi 
Mr. Osvaldo Goscinski 
Mr. Robert Predney 
Miss E l s a  Saavedra 
Mr. Tim Wilson 

Secretary 

Mrs. Philamena Pearl 


